The haploid Y chromosome is one of the most variable genetic systems in humans, and its phylogeny 1, 2 and phylogeography are increasingly better understood, thereby allowing inferences to be made about its variation in space and time, as well as synthesis of the emerging picture with those arising from matrilineal mtDNA phylogeny and autosomal portion of the human genome. 3 Yet the genetic sampling of Europe has so far been heavily focused on the western parts of the subcontinent, and often only a few sampling spots for an ethnic group is considered to represent the variation in multimillion population of a large territory.
The first broad studies of the variation of the patrilineal genetic system in Europe 4, 5 immediately revealed its marked phylogeographic differentiation. These two pioneering papers and subsequent studies [6] [7] [8] [9] [10] have shown that western Europeans carry predominantly haplogroup R1b, whereas eastern Europeans have high frequency of R1a lineages, that southern Slavs are characterized by high frequency of I1b, whereas Scandinavia is enriched with I1a, and that haplogroups J2 and E3b are confined mainly to southern Europe. In more general terms, it has been concluded that geography, rather than language, explains the observed clinal distribution of NRY variation in Europe. 5 Ethnicity typically emphasizes linguistic, cultural, and often religious, as well as political, aspects ascribed to human groups 11 and might be differently interpreted in various research fields and scholarly traditions. Here, the term is used in a more stringent meaning, combining linguistic identity with historical background of the population, including its territorial identity and biogeographic ancestry. Studies dedicated to Y chromosomal intraethnic variation in Europe and its neighborhood are so far limited. Kayser et al. 12 analyzed Polish and German populations and found that genetic boundaries coincide with the political boundary between Poles and Germans. Cinniog˘lu et al. 13 studied patterns in the geographic distribution of the Y chromosome haplogroups within Turkey. Malyarchuk et al. 14 investigated differences among southern and central Russian populations, whereas Karlsson et al., 15 Luca et al., 16 and Kasperaviciute et al. 17 examined variation within Sweden, Czech Republic, and Lithuania, respectively. Unfortunately, some other large subcontinental areas in Europe are not studied yet in respect to intraethnic (defined primarily by language and political-border criteria) variation of their Y chromosome pools. East Europe, in particular its southern steppe belt but also the more northern forest zone, have been, throughout millennia, a crossroad for many populations claiming their origin from a vast area stretching from central Europe to the borders of China. Although much of East Europe was inhabited by anatomically modern humans long before the Last Glacial Maximum approximately 20,000 years ago, 18, 19 and the Neolithic offers increasingly rich archaeological evidence for human habitation, there is no direct evidence for the linguistic affiliation of the first pastoral nomads in the East European steppe belt (possibly Indo-Iranian speakers) or the northern forest zone (possibly ancestors of the Finno-Ugric-speaking people). There is virtually no knowledge about the genetics of these prehistoric populations. However, the evidence from cranial morphology suggests that typically East Eurasian, the socalled ''mongoloid type,'' started to appear at the borders of Europe only much later, partly because of expansion of the Turkic-speaking people who replaced Indo-Iranians in East Europe at the beginning of the Common Era (CE).
Although the exact place of the Slavonic homeland is still debated, it is generally accepted that the southeastward and northeastward expansion of the Slavonic-speaking tribes from Central Europe started in approximately 7th-9th centuries CE. Eastward, this process has probably included extensive, long-lasting processes of assimilation of and admixture with populations living in East Europe-Baltic speakers in the west and Finnic speakers in the central-eastern and northern areas-whereas most of the North Pontic area was presumably inhabited by Indo-Iranian and Turkic-speaking tribes (as well as by other groups, bearing in mind the legacy of Magyars).
Here, we focus on the intraethnic variation among Russians, the largest in present-day monoethnic population, living in an area covering more than a third of continental Europe. Russian ''ethnicity,'' understood as indicated above, was finally formed approximately in the 14th-16th centuries within the central-eastern and northern parts of the eastern Europe, whereas the south and the west of this large area became homelands of linguistically closely related Ukrainians and Belorussians. The Grand Duchy of Moscow included many of the Russian princedoms ( Figure 1 ) and formed a core of the historical Russian area. Figure 1 . East Europe in the 12th Century Black labels mark Russian princedoms which transformed later into the Grand Duchy of Moscow. The map is used by permission of Vladimir Nikolaev (www.ostu.ru/personal/nikolaev). Asterisks designate locations of the present-day populations studied here. Black asterisks mark Russian populations, whereas red and green asterisks mark Ukrainian and Belorussian populations (used for comparative analysis), respectively. Numbers in black asterisks refer to Table 1 , except for three northern Russian populations (1-3), established after 12th century and not placed on this map.
The genetic sampling in this study is restricted to the Russian subpopulations from the historical Russian area, defined here as the territory before the extensive expansion phase since Ivan the Terrible in the mid-16th century and beyond. Most of the present-day ethnic Russians-approximately 100 millions-live currently in the borders of this historic area according to the 2002 year census, and the present sampling (14 regions, 1228 Y chromosomes) is the first that covers this wide area nearly uniformly.
Our Y chromosome phylogenetic analysis is designed for studying intraethnic variation of the paternal lineages among Russians and for revealing their putative admixture with nonRussian populations during the history of the Slavic presence in East Europe. With the help of published data, we briefly discuss the hierarchy of NRY variation more broadly in West Eurasia within and between ethnic boundaries.
We collected 1228 DNA samples from 14 regional Russian populations. All sampled individuals identified their four grandparents as ethnic Russians, with their mother tongue being Russian. The rural areas and small towns were chosen for sampling so that the influence of more recent migrations could be minimized. Only individuals with all four grandparents born in the local area were sampled. Sampled persons were unrelated at least up to the third degree of relation (cousins were not sampled, second cousins only when not related by direct paternal or maternal lines). Informed consent was obtained in all cases. All populations were collected under the same sampling strategy described above, with the exception of the Vologda samples collected from the recruits. For each sampled population, latitude and longitude information together with its provincial (''oblast'') and district (''raion'') affiliation is given in Table 1 .
Fourteen studied populations cover relatively uniformly the central and southern part of the European Russia and the Russian North. Kuban Cossacs, formed in the 18th century in the North Caucasus, is the only group outside this area. Figure 2 shows locations of the sampled populations and a spatial interpolation confidence zone (this zone is outlined by a gray line on maps in Figures 3 and 4) . The collected samples were genotyped for 32 informative Y chromosome biallelic markers (see footnote of Table 2 for details).
The 1228 Russian Y chromosomes analyzed, all except 20 (1.6%) fall into seven major haplogroups (E, G, I, J, K2, N, and R1) characteristic to West Eurasian populations ( Table 2) . Eleven samples could be classified up to the root level of haplogroups F and K, and nine samples (0.7%) fell into haplogroups C, Q, and R2 that are specific to East and South Asian populations. At a higher level of molecular resolution, only eight subclades of these major West Eurasian Y chromosome haplogroups are presented with their average frequency greater than 1%, including R1a, N3, I1b, R1b, I1a, J2, N2, and E3b. Taken together, they account for 95% of the total Russian Y chromosomal pool. These eight haplogroups were chosen for cartographical-and spatialautocorrelation analyses (Figures 3, 4 , and 5), whereas statistical analysis ( Figure 6 ) is based on all 22 haplogroups identified in Russians. Figure 7 is based on eight haplogroups, and comparative MDS, G ST , and AMOVA analyses are based on six haplogroups ( Figure 8 , Table 3 ) because of the lack of high-resolution data in the literature.
Every second Russian Y chromosome belongs to haplogroup R1a. Figure 3A shows distribution of this haplogroup in the studied historic Russian area (indicated by the gray line) within a general European context. With the exclusion of Central and South Asian populations, the map demonstrates that within the boundaries of Europe, R1a is characteristic for Balto-Slavonic populations, with two exceptions: southern Slavs 20 and northern Russians ( Figure 3A ). R1a frequency decreases in northeastern Russian populations down to 20%-30%, in contrast to central-southern Russia, where its frequency is twice as high ( Table 2 ). To investigate statistical significance of this cline, we performed the spatial-autocorrelation analysis (correlogram on the Figure 3A ). With increasing distance class, autocorrelation value changes from significantly positive to significantly negative values, confirming that variation of R1a within historical Russian area is generally clinal, but the value becomes nonsignificant and close to zero in the longest-distance class (a ''depression''), indicating that influence of this cline is restricted to a part of the studied area. The map on Figure 3A shows that the northward decreasing cline is interrupted in the two, northernmost and southernmost, populations (both are recognized as specific subethnic groups of Russians, namely Cossacs and Pomors); when these two marginal populations were omitted the correlogram reveals the cline in the remaining core area (data not shown). Typically for East European populations, the frequency of its sister group R1b in Russians is much lower ( Table 2) . Despite the clear west-to-east clinal trend in the whole Europe ( 4 and 5 and Figure 3B ), inside the historical Russian area, its distribution is somewhat mosaic (map on the Figure 3B ). Spatial-autocorrelation analysis ( Figure 3B ) confirmed the absence of clinal variation of R1b within the historical Russian area. The second frequent among Russians is haplogroup N3 ( Figure 3C ), which is a typical haplogroup for Altaic and Finno-Ugric populations of Siberia and northeastern
Figure 2. Location of the Studied Populations
The reliability map inventing areas where concentration of the studied Russian populations is high enough to support correct cartographic interpolation was constructed by software described in 29 . Areas that surrounded the studied populations were estimated as more reliable, considering cumulative distance to all studied locations. Dark gray and gray zones correspond to 99% and 95% confidence space, respectively. The area with 95% probability of correct cartographic interpolation is marked by the gray line in maps at Figures 3 and 4 . Numbers of populations refer to Table 1 .
Europe. [21] [22] [23] Figure 3C illustrates the fact that within the Russian area, the frequency of N3 decreases significantly from north (>35%) to south (<10%). Thus, N3 follows a trend, opposite to that observed for R1a. Similarly, haplogroup N2 reveals a northeast-to-southwest declining frequency pattern ( Figure 3D ). This sister group to N3 is widespread in west Siberia 23, 24 and is present also in Volga-Uralic region populations with frequency at approximately 20%. 6, 21 Northern Russians possess this haplogroup at variable frequencies (14%, 7%, and 3% in the three northern populations), whereas it is virtually absent elsewhere among Russians. Correlograms on Figures 3C and 3D strongly support clinal variation of haplogroups N2 and N3 in Russian populations.
The third most frequent haplogroup in Russians is I1b, and its variation is also clinal ( Figure 4B ). The map on Figure 4B demonstrates that distribution of I1b inside the historic Russian area follows the ''out-of-Balkans'' decreasing trend: 7 In southwestern Russians, its frequency is approximately 15%, in the center, it is approximately 10%, and it is down to less than 5% in the northeast. Intriguingly, its sister haplogroup I1a, exhibiting its highest frequency in Scandinavia ( Figure 4A ), shows the opposite trend to I1b by being more frequent among the easternmost Russian populations (Table 2 ) and equally so in Volga-Finnic Mordvin. 7 This spread pattern overlaps with ancient routes from Scandinavia to the Volga Basin. The remaining two haplogroups, J2 and E3b, exhibit spotty frequencies in Russians, expected for low-frequency haplogroups (Figures 4C and 4D; Table 2 ). The haplogroups might have arrived to Russia alongside I1b from the Balkans, in which the two are frequent. 10 In summary, we detected considerable intraethnic differences in NRY haplogroup frequencies inside historic Russia. Four haplogroups (R1a, N3, N2, and I1b) exhibit clinal southwest-northeast variation patterns, whereas some other major haplogroups (I1a and R1b) demonstrate focal or mosaic distribution and are therefore less informative for revealing population relationships within the historical Russian area.
By combining maps of the frequent haplogroups, we created the first synthetic map of the regional Russian genetic variation. This map reveals simple and gradual north-to-south variation scenario in the Russian Y chromosome pool ( Figure 5A ). The first synthetic map correlates with haplogroups N3, I1b, and N2 (correlation coefficient is higher than 0.8), as well as with haplogroups E3b and R1a (correlation coefficient is higher than 0.4).
The synthetic maps approach (based on a correlation matrix among interpolated frequencies) for generalization of genetic data 25, 26 has been criticized 27 because interpolated surfaces are more ''smooth'' than real distributions and therefore might easily correlate with each other, thus resulting in false correlations. So that these artifacts could be avoided, it is important 27 to calculate principal components (PC) first from the raw data and to perform the interpolation in the second order. In our case, every population has been studied for all markers, and we were able to perform analysis in both the common way (interpolating and then calculating PC) and the way recommended by Sokal et al. in their critical paper 27 (calculating PC and then interpolation). Obtained maps (Figures 5A and 5B) appeared to be almost identical-correlation coefficient between them is equal to 0.997. This finding shows that synthetic maps of Russian Y chromosomal data are not Maps were created with haplogroup frequency data from this study and literature [4] [5] [6] [7] 9, 10, 12, 13, [15] [16] [17] 20, 21, 33, 37, 39, [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] in the GGMAG program package as described in 56 and 57 . Because of different phylogenetic resolution levels of data from literature, not all of them were included for creating all eight maps. If source identified R1a1 and R1(xR1a1) haplogroups, they were taken for the mapmaking as R1a and R1b, respectively. Gray lines mark the studied Russian area. Population grouping. Most of populations with sample size less than 40 were omitted or pooled. Data on the same group from the different sources with the sample sizes greater than 40 were pooled when exact localities were not specified in all sources. The map scales are different for frequent (R1a, R1b, and N3, 10% scale step) and less frequent haplogroups (the other five, 5% step); for all maps, the first interval indicates virtual absence (less than 1%). The bar graph above the scale shows the portion of the total area covered by the respective scale interval. Abbreviations in the statistical legend indicate the following: K, number of the studied populations; n, number of samples in K populations; and MIN, MEAN, and MAX, the minimal, mean and maximum frequencies on the map.
severely affected by such artifacts; similarly, we have revealed strong correlations between the two synthetic maps in cases of Adyges (unpublished data) and Russian 28 surnames data. Because uniform coverage of the area might be important, we employed the ''reliability maps'' (Figure 2 ) that restrict calculation for areas well covered by the initial dataset. 29 Although the patrilineally inherited haploid Y chromosome makes up only a small part of the human genome, it is worthwhile to stress here that the predominantly north-to-south clinal variation is in almost perfect agreement with the variation of autosomal markers, examined in the same area of historic Russia ( Figure 5C ). The correlation coefficient between synthetic maps of Y chromosomal and autosomal variation is equal to 0.71 (p > 0.95). Such congruence between Y chromosomal and classical markers suggests that latitudinal variation is the main pattern in the Russian gene pool, irrespective of the type of genetic system used.
The multidimensional-scaling plot ( Figure 6 ) distinguishes central-southern Russian populations (genetically similar to each other) from northern Russian populations. Although northern populations are dispersed on the plot, AMOVA analysis supports such a distinguishing: If we define groups as shown in the Figure 6 , then variation among groups (5.8%) is six times greater then within groups (1.5% only). There is a remarkable agreement between the multidimensional-scaling plot and the synthetic map of the Y chromosomal variation: All populations with negative values at the synthetic map ( Figure 5A ) are northern ones, whereas most of populations with positive values (except for Unzha population) form the central-southern cluster in the MDS plot ( Figure 6 ).
Northern Russian populations show much greater NRY variation than those from the central-southern territories of the historic Russia ( Figure 6 ). Meanwhile, the northern part of Russia is considerably less densely populated compared to the central and particularly to the southern areas. The effective population size in northern Russian populations is an order of magnitude less than that in the south. 30, 31 Therefore, genetic drift in northern populations could tentatively explain the observation. However, comparing Russians with neighboring populations ( Figure 7 ) reveals a second factor that affects the Russian genetic variation-assimilation of the substratum populations. Whereas the NRY variation of the central-southern Russian populations groups tightly together with other Slavonic-speaking populations (Figure 7) , the northern Russians lie in the vicinity of the various Finnic-speaking groups.
This allows the inference that the variation among northern Russians is not caused by genetic drift alone, in which case northern Russians would have found their place around the main Russian cluster without a pronounced shift to one pole, but is more parsimoniously explained by a combination of significant admixture and perhaps by some degree of drift. It might be more appropriate even to suggest language shift in some ancestral populations, rather than an admixture scenario. It is common linguistic knowledge 32 that in the northern Russian dialect, Finno-Ugric substratum is well pronounced. This substrate is present, although less so, in central dialect and only marginally detectable in southern dialect.
This scenario of admixture (or language change) in northern Russians is genetically highlighted by high frequencies of haplogroups N2 and N3. Within Europe, haplogroup N3 is frequent among Finnic-speaking groups (40% on average); its average frequency in Slavonic populations (except Russians) is 5% only, whereas its frequency in northern Russians is 35% ( Table 2 ). Presence of haplogroup N2 in northernmost Russians might be best explained by gene flow from the Volga-Finnic people, among whom N2 is frequent and forms even a distinct European subcluster, 21 whereas a few N2 chromosomes sampled in southern Russian populations (Table 4) fall to the Asian subcluster. Particular attention to the Russian North in the present study is also justified because the previous study on Russian Y chromosomal diversity underlined an absence of N2 haplogroup likely to be explained by constrained sampling.
14,33
The presence of hg N [21] [22] [23] (shared by many East European and Northeast Asian populations) in Russians is in contrast with the very limited and spotty presence of other typically East Asian NRY variants, such as Q and C in the Russian Y chromosomal pool (Table 2) . In this sense, our results, encompassing the historical Russian area, are in a good agreement with the earlier results on central-southern Russians. 14 More generally, it appears that there has been only limited general east-to-west flow of Y chromosomes alongside the steppe belt over long prehistoric and historic times, possibly even since the peopling of the temperate zone of Eurasia by anatomically modern humans. That leaves hg N which probably reached East Europe
Figure 5. Synthetic Maps of the Russian Gene Pool
The synthetic maps 25 were constructed from the correlation matrix as described in 26 . Maps A and B are based on frequencies of eight haplogroups in 14 Russian populations; data are from Table 2 . (Figures 7 and  8) , whereas the NRY variation among Poles lies, in the MSD plot, in their immediate vicinity. This closeness in the patterns of variation of the respective Y chromosomes allows speculation that unlike in the (later colonized) Russian North, the eastward wave of Slavs from their putative homeland to the present day Central Russia approximately 1000 years ago (Figure 1) , did not involve extensive assimilation of local populations, at least with populations, markedly different in their paternal lineage variation. But the result can be interpreted also differently-it lends credence to those theories, which suggest that early Common Era Zarubintsy and Chernyakhov cultures, extending from the upper-central basins of Prut to Don, used already Slavonic languages-i.e., Slavic-speaking tribes were present in a considerable part of the later southern-central part of the historic Russia considerably earlier than better-documented Slavic migrations in approximately the 6th-9th centuries. It could then explain why there is a remarkable patrilineal continuity within West and East Slavonic-language speaking populations, although there are still signs of some admixture of the centralsouthern Russians with Finnic-speaking (or Baltic-speaking) populations, testified by NRY hg N. There is also an alternative explanation: Time depth of R1a (e.g., 4 ) might well be considerably older than separation of Indo-Iranian and Slavonic languages (and their speakers) from common Indo-European source, 38 and the shared Y chromosomal ancestry might therefore antedate their linguistic differentiation. Somewhat geographically more distant southern Slavs and Germanic speakers ( Figure 7 ) differ already considerably from Russians in frequencies of practically all Y chromosome haplogroups, particularly I1b, R1b, lack of R1a, and N.
Despite that somewhat limited number of comparable studies is available in literature, we wish to emphasize some general aspects of the intrapopulation versus interpopulation variation of Y chromosomes in the European context. Table 3 summarizes data on Y chromosomal intraethnic variation among Russians and compares them with other ethnicities of Europe. The highest variation among subpopulations is found for Finns, Croatians, Russians, and Italians (G ST value between 0.04 and 0.08); Swedes and Germans demonstrate moderate variation; other ethnic groups (Greeks, Turks, Poles, Belorussians, and Ukrainians) exhibit similar and lower level of regional variation (G ST value approximately 0.01). Results of the AMOVA and G ST analysis (Table 3 ) reveal in Europe the presence of prominent interethnic differences that are more evident than the commonly more pronounced intraethnic genetic variation: The variation among ethnic groups (16.6 AMOVA; 14.9 G ST ) is markedly greater than that within groups (2.7 AMOVA; 2.9 G ST ). One might suppose that Y chromosomal variation in Europe is deeply structured by ethnic (mainly linguistic) boundaries, although differences among populations within an ethnic group could be also significant, as it was shown for Russians ( Figure 5 ) and for Finns. 39 Illustrating the results of G ST /AMOVA analyses, a MDS plot (Figure 8 ) reveals a surprisingly consistent pattern: In all cases, subpopulations within an ethnic group cluster together, revealing only minor overlaps between the defined by language ethnic clusters.
Yet, there is one significant exception: The three Slavicspeaking populations in this plot-Poles, Russians, and Ukrainians-cluster together, strongly supporting their common genetic (Y chromosomal) origin, consistent with their linguistic proximity. Noteworthy is the fact that the northern Russian subpopulations (R1-R4 in Figure 8 ) lie apart from, or are placed at the edge of, this cluster. It has been emphasized earlier that Y chromosomal diversity in Europe is influenced primarily by geography, rather than by language. 5 Unexpectedly, East and West Slavonic populations exhibit predominantly common Y chromosomal pool ( Figures 3A and 8) , although their geographic area spans from the center of Europe to its eastern border-a span approximately half the distance from Atlantic to the Urals. In that way, the genetic homogeneity covers a half of the continental Europe within one language group-a finding that is opposite to the scenario of predominating geography. Although results presented here are not sufficient to question the generalization done by Rosser et al., 5 we wish to indicate that more locally, intraethnic variation does overlap between geographically The aggregate set of populations (specified in the Table 3 ) was used, except for Croatians (isolated island populations) and Belorussians (data of lower phylogenetic resolution). Regional subpopulations of different ethnic affiliation are marked by signs of different color and shape (small circles, triangles, and cubes) and designated by abbreviations (populations names are those published in the original papers, indicated in the Tables 1 and 2 and Figure 2 . Populations with sample sizes less than 70 were pooled (population 1 with 2, 5 with 6, 7 with 8, and 11 with 13) and marked on the plot as R1,2; R5,6; R7,8; and R11,13, respectively. Turks: Similarly, population 1 was pooled with 2; 5 with 6; and 7 with 8, and pooled populations were marked on the plot as T1,2; T5,6; and T7,8, respectively.
distant but linguistically close populations as exemplified here by the three largest Slavonic-speaking groups. The extensive analysis of the Russian pool of paternal lineages presented here establishes the following general features: (1) insignificance of the oriental gene flow, highlighted by the lack of typical East and Central Asian haplogroups; (2) well-pronounced north-to-south gradients of specific haplogroups within historical Russian area; (3) split of its overall diversity into the northern and central-southern populations; (4) close proximity of the northern populations to the northeastern and eastern non-Slavic populations, suggesting extensive assimilation or even direct language change; (5) lower Y chromosomal variation all over the central-southern historic Russia versus high variation among northern Russians; (6) close proximity, reaching virtual overlap in a MDS plot, in the Y chromosomal variation between central-southern Russians with Ukrainians, Belorussians, and Poles; and (7) this significant intraethnic differentiation of North Russian populations is the only found exception to the rule; in the wider European context, the interethnic (mainly linguistic) differences strongly predominate.
We conclude that the Y chromosome pool of Russians in their historic settlement area is predominantly a composite of their proto-Slavic heritage and, in particular in the Russian North, of extensive admixture with Finno-Ugric speakers. This bipartite scenario for the main sources of the origin of the present-day ethnic Russians is supported by analysis presented here of classical markers and can be used as a working hypothesis for better understanding of genetic diversity and demographic history of Eurasian populations. Its patrilineal aspect can be further refined by a detailed study of STR variation within phylogenetically defined biallelic haplogroups, although for more profound progress, new informative SNPs should be identified, in particular bearing in mind that so far only a minor fraction of the Y chromosome has been explored for markers potentially informative for phylogeographic studies. ). Interpopulation variation of the classical markers was calculated as the G ST value. Hierarchical analysis was performed with G ST and also with AMOVA in the Arlequin 2.0 software. Values of Nei genetic distances and G ST are given multiplied by 100. G ST on aggregate Y chromosomal dataset, G ST on classical markers data, and AMOVA values are shaded in gray. f Although in most cases, both measures group populations in a similar manner, the considerably higher average distance among Turks is caused by deeper phylogenetic resolution in the original paper. When 26 haplogroups were pooled into eight, the average distance among Turks decreased from 16.5 to 3.5; G ST depends less than average distance on number of identifying haplogroups, decreasing from 1.3 to 0.8. Pinega 1  N2-E  13  11  12  13  31  23  10  12  13  14  10  10  18  15  17  24  12  Pinega 2  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  25  12  Pinega 3  N2-E  13  11  12  13  31  24  10  12  13  14  10  10  18  15  18  24  12  Pinega 4  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  24  12  Pinega 5  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  24  12  Pinega 6  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  25  12  Pinega 7  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  25  12  Pinega 8  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  25  12  Pinega 9  N2-E  13  11  12  13  31  24  10  12  13  14  10  10  18  15  17  24  12  Pinega 10  N2-E  13  11  12  13  31  23  10  12  12  14  10  10  18  15  15  25  12  Pinega 11  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16  25  12  Pinega 12  N2-E  13  11  12  13  32  23  10  12  12  14  10  10  18  15  16 -A  14  11  12  14  30  24  10  14  13  14  10  10  19  15  17  24  12  Livni 1  N2-A  14  12  13  13  28  23  10  14  13  14  10  10  18  15  16  25  12  Porhov 1  N2-A  14  12  14  13  29  24  10  14  13  14  10  10  18  15  16  24  12 a For samples of N2 haplogroup, 17 STRs were studied with a Y-filer Kit (Applied Biosystems). PCR products were analyzed on ABI 3100Avant genetic analyzer (Applied Biosystems) in the mode of standard fragment analysis protocol. GeneScan 500LIZ size standard (Applied Biosystems) was added to each sample for size scaling, and program GeneMapper 4.0 was employed for allele scoring. Alleles were designated by repeat numbers. b The STR haplotypes were attributed to European or Asian cluster of N2 haplogroup as described in. 21 
